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PRIMARY PRODUCTION AND NurRIENT LIMITATION 
IN TWO PRAIRIE LAKES 
Abstract 
Two eutrophic northern prairie lakes, Lake Cochrane and Lake 
Hendricks, were sampled regularly for chemical characteristics, 
temperature, transparency, phytoplankton and zooplankton populations. 
Prima_ry production was determined by the "light" and "dark" bottle 
technique. Values for the 1971 summer study period ranged from a low 
of 59el7 mg C fixed/m2/hr to a high of 296,67 with a mean of 151.67 
for Lake Cochrane, Values for Lake Hendricks ranged from 25.00 to 
194.17 with a mean of 110.83. The possibilities of nutrient limitation 
were investigated through nutrient enrichment experiments in the field. 
Production was generally not enhanced and was sometimes inhibited 
by the addition of selected nutrients. Results of the production 
studies show highest correlation with. turbidity and natural levels of 
------ .. .. .. - .. 
avai�able phosphates ar:d nitrates. There was little correlation with . 
changes in temperature,· light or any of the _other nutrients. 
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I. INTRODUCTION 
Many northern prairie lakes dot the landscape of the eastern 
Dakotas and western Minnesota and provide a unique but vanishing resource. 
The lakes date back to the Wisconsin glaciation and range in size from a 
few hundred square meters to over JO square kilometers, They are typi­
cally saucer-shaped, shallow depressions which are subject to continual 
mixing by strong prairie winds and .. do not stratify during the summer 
season. Their waters are nutrient-rich from the drainage of agricultural 
lands. The quality of the entering water , combined with the constant 
wind mixing during the summer seasons, provides an environraent ideal for 
the growth of massive "blooms" of blue-green algae. These blooms, together 
with sediment washed in from adjacent farmlands, are causing an untimely 
end to the lakes' existence. The tremendous bulk of algal material formed 
duri�s the summer is ·apparently unavailable to the higher tr�phic levels 
in the lake and may do little to support the growth of desirable fish. 
This materi.a.l falls to· the bottom of the l.ake in the winter a-l'ld partially 
decays, lowering oxygen levels under the ice and. causing winter fish 
kills in many of the lakes. The undecayed portions of the material accum­
ulate on the ·oottom and cause the lakes to rapidly become shallower . 
These massive growths of undesirable algae have proba.bly resulted 
from the inadvertent nutrient-enrichment of the lakes by man's activities. 
It was thus decided in this study to measure the effects of enrichment of 
natural algal populations with additions of specific-nutrient chemicals 
under relatively controlled ccnditions. Hopefully, results of this kind 
of_ study might give answers to the following basic questions: what 
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nutrients, if any, a:r:e limit.ing to the growth of algae in the lakes, and 
when are they limiting? The answer to these questions is essential to 
the development of a wise management policy to improve and restore the 
quality of oiir lakes. The two prairie lakes studie::l in this project are 
located a short distance apart on the South Dakota-Minnesota border. They 
. differ c'Onsiderab�y in phytoplankton abundance, _species composition and 
diversity, and water chemistry. Little biological or chemical investi­
gation has been done on the prairie lakes. ·Graham ( 1966 ) studied the 
limnology of three ponds. Gloss (1969) noted water quality changes '1?lder 
the ice, and Petri and Larson (1969)  examined water chemistry of some 
lakes .in the region. Hauber (1971) compared phytoplankton populations 
in two lakes of the region. 
This study mea .. ured planktonic primary production on 13 dates during 
two algal bloom seasons (June through September) . Studies were also under­
taken to determine if the addition of selected. inorganic nutrients would 
alter production rates. The nutrient enrichment experiments were run 
simultaneously with the production studies so that variations in pro­
duction by date could.be compared with possible nutrient enrichment 
effects. Water chemistry, turbidity, and temperature were also monitored 
on the sample dates.· Biological data collected included phytoplankton 
counts, zooplankton counts, and chlorophyll "a" determinations. This 
information, alor� with the results of the production and nutrient en­
richment studies, was analyzed statistically to show interaction 
patterns in each lake. 
A • . Lake Hendricks 
Lake Hendricks-is located in northeastern Brookings County. It 
has a watershed of 14, 827 ha. (36 , 610 acres) , of which 59.)% is cropland 
and J0.6% is grassland . ·The drainage system is immature with grassed 
channelways. Deer Creek feeds the marshy southwest corner of the lake. 
In 1968 Deer Creek was channeled and a dam was built two miles upstream 
from the entrance to the lake. The major soil type of the Lake Hendricks' 
watershed is silty clay loam. Rainfall averages 20 inches per year with. 
79% of this falling from April throueh September. Climatological data 
from nearby Brookings, South Dakota , shows the mean annual temperature 
for t.Tanuar-1 to be -10 degrees Centigra,de {14° F.) and for July to be 
22.8°c. ( 73°F.). Extremes of -4o0c. ( -41°F.) and 4i.;0c. (107°F. )  
have been recorded ( U • ..S. Department of Agriculture , 1966 ). The lake is 
ice covered from November to April with a maximum ice cover of .9 m. re­
corded on February 16, 1972 . During this· time the lake is partly to 
totally snow covered. The lowest oxygen levels recorded during this 
study were 4. 70 ppm. · {February 16 , 1972) .  Winter fish kills have been 
noted in prior years. 
Lake Hendricks is a highly eutrophic ·1ake subject to intense 
"blooms" of the blu�-green algae , Aphanizomenon holsatica (147.48 mg/m3 
of chlorophyll "a" with a total cell count of 647 , 096 per ml. on 
August 26·, 1971). The lake generally varies less than . 2  of a meter in 
depth during the yea:r, reaching a maximum of 2.4 m .  with a mean of about 
1.8 m. The lake runs approximately 6.4 km. in a northeast-southeast 
direction a..Tld is widest (about 1.6 km.) at the northeast end. It has an 
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area of 630 ha. (1557 acres) and a volume of 3. 55 X 107 m3. During the 
spring and summer strong winds furinel down the length of the lake piling 
algal mats �p to 2.0 cm, thick, . This also causes considerable sedime�t 
mixing in the shallow areas. Secchi disc readings usually range from 
• 20 to • 4-0 m. during the summer. Five farmsteads are located within 100 m. 
of the shore and their feedlots would appear to be a source of high 
nutrient inflow. The major cation is calcium and the major anion is 
sulfate, with an average conductivity of about 670 micromhos/cm. The 
lake is used for sport fishing, boating, and swimming; but this gene!ally 
goes on only early in the season prior to the "blooms.'' There are f aw 
summer cabins on the lake, but the village of Hendricks (population 800) 
touches the northeast corner. Its storm sewer system dralns into the 
lake but 1.ts sewage- aste disposal system does not. Much of the rest of 
the shoreline is wooded, but its aesthetic value is marred by the 
highly eutrophic condition of the lake itself. 
B. Lake Cochrane 
Lake Cochrane is located about 15 miles north of Lake Hendricks 
in southern Deuel County. The lake lies in a small 1:asin, running in a 
southwest-northeast direction. There is little surface drainage or 
agricultural runoff; the watershed is only 202 ha. (500 acres, Deu9l 
County Soil Conservation Service, 1972). Foreman, a type of clay loam, 
is considered. to be the major soil type fSoils of South Dakota, 1967). 
Climatological data from the Brookings, South Dakot�, station are assumed 
to be the same for both lakes . Ice cover conditions are_ similar to Lake 
Hendric;<s but oxygen leve�s generally remain much higher under the ice. 
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Lake Cochrane has, in the past, been only moderately eutrophic 
when compared to Lake Hendricks and other lakes in the area. However, 
during the second year of the study Lake Cochrane experienced. an 
appreciable "bloom" of the bluegreen algae Anacystis cyanea (36.21 mg/m3 
of chlorpphyll "a" with a total cell count of 1,1.51,501.per ml. was 
recorded on September 2, 1971). In addition to AnacystJ:s ·cyanea, countable 
numbers (see methods) of the following algae were frequently present 
during the summer season: two dinoflagellates, Ceratium and Peridinium; 
a diatom, Chaetoc erea.s elmorei; a green algae, Scened.esmus §.R; and twp 
bluegreen al6ae, Agmenellum � and Gomphosphaeria .§:g. Mean depth of Lake 
Cochrane is approximately 3.0 m. reaching a maximum of 7.9 m. near the 
northeast end. The lake has a volume of 4.54 x 106 m3 and this is kept 
fairly constant by water fed in from the underlying gravels. With an area 
of 148 ha. (366.5 acres), it is considerably smaller than Lake Hendricks. 
The lake is not influenced as much by winds as Lake Hendricks because it 
lies in a somewhat sheltered. basin (Secchi disc readings reached a mini-
mum of .82 m. on August 26, 1971). The major ions are magnesium and sulfate. 
The lake is slightly brackish with an average conductivity of about 2800 
micromhos/cm. Lake Cochrane is used throughout the summer for sport 
fishing, boating, and swimming. Approximately two-thirds of the shore-
line is occupied by cabins or resorts. Local residents report that the 
lake has become noticeably more "green" in recent years. Cell counts and 
chlorophyll "a" values measured in this study were much higher -in 1971 
than in 1970, and would support the popularly held view that Lake Cochrane 
is experiencing rapid eutrophication. Although two years of data is 
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inadequate to substantiate this observation, increased numbers of cabins 
and more intensive recreational use during recent years make rapid 
eutrophication a likely possibility, 
II. METHODS 
A. Primary Production Ner-lsurements 
Primary plankton production was determined by suspending duplicate 
sets of 300 ml bottles at .5m intervals through the euphotic zone. The 
bottles were clipped to a nylon line which was suspend.ei by a float and 
anchored to the bottom. One light (LB) and one "dark" (DB) bottle were 
pl.aced at ea.ch depth on each string. The dark bottles were made light­
proof by double layers of black electrical tape� Water to fill the 
bottles was collected from each depth by a nontoxic Van Dorn bottle. 
Duplicate initial bottles from each depth were filled and fixed at this 
time also. A se�arate cast from each depth was used to fill the bottles 
for the duplica.te se: . ,. The "light" and "dark" bottles were then incu­
bated in the lake for six hours . The production and consumption of dis�· 
solved oxygen was used as the initial measurement, as determined �J the 
Azide modif'ication of the Winkler method (Standard Met�ods, 1971). Oxygen 
values were recorded as parts per million {ppm) with an accuracy of 
�. 02mg/l as duplicates were used in the finai d"eterminations (Steemann 
Nielsen, 1957). A value for gross photosynthesis is then found by sub-
tracting the oxygen value in the dark bottles from that of its corres-
ponding light bottle. Final figures were expressed. as production of 
carbon per. square meter of lake surface. Milligrams-of carbon assimi­
lated per hour were calculated according to the equation (Strickland, 
1960): 
mg O evolved/hour X .375/photosynthetic quotient 
2 
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The photosynthetic quotient was definerl as the molecules of oxygen 
liberated during photosynthesis divided by the molecules of carbon 
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dioxide assimilated with a value of 1.20 chosen (Ryther, 1956). Strick­
land and Parsons (1968) give this conversion factor an accuracy limit of 
:15mgC/m3 (6 hour incubation) . Ryther (1956) estimates this conversion 
accuracy as ,02 mg/l if duplicate bottles were used, This method of pro­
duction measurement has been widely used. Lund and Talling (1957) have 
an extensive literature review dating the method back to 190J, Strick­
land. (1960) also has a thorough treatment of the h tory. Since the. 
bottles are returned to the same depth, maintained at the s e temperature, 
and receive the same illumination as the surrounding water, an app-rox:i_-
mation of the natural production rates is obtained. There are, however, 
some criticisms. Perhaps the major drawback is that suspension of a 
bottle in the lake provides a substrate for bacterial growth. This 
growth can greatly exceed that which would naturally be present in the 
water. In addition, there is a greater absorption of light by glass , 
especially in the shorter.wavelengths. There may . also be bactericidal 
effects due to sunlight (Vaccaro and Ryther, 19.54) (Vollenweider, 1969). 
Inhibition of algae growth near a smooth surface has been shown 
(Edmondson, 1956). Differences in respiration rates in the two bottles 
have been noted by Strickland (1960) •. Exposure was kept as close to 
six hours· as possible to �revent some of the problems mentioned above 
which may intensify with longer incubation times. The experiMent was 
run during the morning hours before the hottest part of the day to pre­
vent air bubble formation (Steemann Nlelsen. 195?). The oxygen method of 
determining production has been investigated in great detail. This is 
due in part to its comparison with the c14 method which measure s carbon 
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uptake by radioactive tracer. Comparisons and criticisms of both methods 
have been discussed. by Steemann Nielsen (1951, 1957), Ryther and Vaccaro 
(1954), Ryther (1956), Frey and Stahl (1958), and NcAllister (1961). 
Vallenweider (1969) summarizes the work done on both methods. 
B. Nutrient Enrichment Experiments 
1. Short Duration Experiments 
The nutrient enrichment studies were also done using standa._ni 
JOO ml BOD bottles. Water from a single cast of the Van Dorn bottle 
was used to fill two initial bottles and 12 experimental bottles. · 'rhe 
bottles were placed i to a coarse wire basket designed to permit maximum 
light penetration. Each basket contained two "light" ( control) and two 
''dark" bottles for comparison . The other bottles were filled almost to 
the top; tne proper a.mount vf nutrient was inj ect ed into each ; and then 
they were topped with more lake water. Duplicates of each nutrient bottle 
were prepared. A second basket was filled in a similar manner using 
different nutrients. In addition, a soil solution was put into two 
/ 
extra "dark" bottles. The baskets were suspended by floats at a depth 
of .Sm and anchored. to the bottom. After six hours they were retrieved 
and ea.ch bottle was fixed immediately in the boat to prever.t oxygen 
changes. Production was again measured. by the Winkler method. Final 
values were calculated as mo-C fixed/1/hr. Table 1 lists the nutrients 
and concentrations used. They are taken from Rod.he's (1948) Solution VIII, 
with the exception of NH4c1 which was taken from Solution v. He felt 
these concentrations were suitable, or at least acceptable, for many of 
10 
the common plankton algae. Hamilton (1969) also ·used them with some sue-
cess. A 10% solution of K2HPo4 was also used because of possible inhibi­
tion by high phosphate concentrations. Stock solutions were made us!ng 
reagent grade chem�cals with distilled, d.eionized water. The iron 
stock solution had to be prepared separately each week with the ferric 
citrate and citric acid mixed only when being added to the culture bottle. 
This prevented the ferric iron from being hydrolyzed and precipitated. 
out as Fe(OH )
3 
(Saunders, 1957). The soil used was taken from a small 
garden and its exact composi tj_on was not knov..rn. 
Table 1 .  Compounds, elements and concentrations of nutrient enrichment 
media used.· .. 
Compounds 
Ca.No
3 
K HPO 1: 2 4 
Ferric citrate• 
Citric acid 
MnS04 
Na2Sio3 
NHlj.Cl 
Soil 
/1·'··'· mg ..... 
added 
60. 0 
5.0 
1.0 + 1. 0 
5.0 
20. 0 
20.0 
;'::��·: 
Elements mg/l Basket 
added 
Ca 14.7 1 
N 10. 2 
K 2. 2 1 
p . 89 
Fe �18 1 
Mn 1.0 2 
so4 4.0 
Na 7. 5 2 
Si 4.6 
N 5. 25 1 
(1970) 
Cl 13.3. 
1:�·:�': �·,�'=* 2 
J�': a 10% concent�ation was also .used in basket 1 
1�-!c re:fers -to concentrations added exclusive of those in the environment 
'l:*)'t i11.f crmation was not determined 
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Numerous variations of this nutrient enrichment procedure have 
been used by either suspending the plankton sample in the lake or 
�ulturing it artificially in the laboratory. Lund and Talli�g(l957) re­
view the work done in both field and laboratory up to that date. Since 
t hen field studies have been done by Ryther and Yentsch (1957), Goldman 
(1960), Goldman and Wetze1 (1963), Evans (1961), and others. McAllister 
et al. (1961) and Anitia et al. (1963) describe the use of large 
plastic spheres and suggest that they may be an improvement over small 
bottles. Tranter and Newell (1963 ) , Hamilton (1969), Kalff (1971), and 
others have more recently attempted to duplicate natural conditions of 
light and temperature in the laboratory. 
Since the present study was merely a modification of our LB-DB 
production, all of the �riticisms and comments listed in the section 
on production measurements apply to the nutrient enrichment· experiments. 
In addition, Rodhe (1948) discusses the problems of negative responses 
in relation to too much or too little nutrient. There are also problems 
of pH cha..�ge, alteration of growth; and nutrient absorption (Gerloff 
et al •• 1950, 1952). The growth phase and density of the population in 
the bottle could cause different responses than t�ose normally occurring 
in the lake (Lund and Talling, 1957). Hamilton (1969) suggests that the 
lower the growth rate, the greater will be the effect of enrichment. 
Steemann-Nielsen (1960) discusses dark fixation of C02 and its possible 
effect on final values. The results of this study are presented realizing 
certain uncontrolled variables do· exist when comparisons with the 
natural ecosystem are made. Despite the limitations of the method, 
nutrient enrichment studies are presently considered one of the most 
effective techniques for determining whet�er or not nutrient limitation 
of algal growth exists in a body of water .-. .'.;oldman, 1972). 
2 .  Long Duration Experiments 
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A second series of in situ nutrient enrichment studies were con­
ducted on four dates using larger (2 . 46 1 glass bottles ) and a longer 
incubation time (56 hours) . The result of enrichment in these experi­
ments was measured by determining chlorophyll "a" and cell numbers at the 
start and end of the incubation period. The bottles were ·suspended at 
a depth of • Sm and attached to an anchored line. Criticisms of longer 
incubation times have been given, based on changes in bacterial growth, 
non-circulation of nu�rients (Talling, 1957), inhibitory effects of some 
species on growth and reproduction of others, and the proximity of a smooth 
surface ( Edmondson, 1959), (Strickland, 1960), (Jorgensen, 1956). How­
ever, long duration experiments do provide the algae an opportunity to 
recover from the initial shock of the nutrient addition. In addition, use 
of cell counts as a measuring technique enables· the investigator to 
determine whether or not a change in species composition has taken place. 
c. Environ�ental Data Collection and Processing 
Temperature and Secchi disc readings were taken during the six 
hour incubation period. Samples were also collected for wat�r chemistry 
analysis. These analyses were begun the following day by the Water 
Resources Institute Laboratory located on the university campus. Methods 
used and minimum detectable conc entrations are given i n  Table 2. Water 
samples for pigment analysis were kept in the dark in an insulated 
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cooler until they were processed in the laboratory·. Pigment extraction 
was done using the Strickland-Parsons (1968) method as.discuss ed  in more 
detail by Richards and Thompson (1952) and Creitz and Richards (1955). 
Chlorophyll "a" was calculated. according to the Strickland-Parsons (1968) 
equation: 
Chlorophyll "a" = (ll.6E665 - l.JIE645 - .14E630)(6.�5)(_1/ml) _ .  ·
E sta.r..d.s for the extinction values at wavelengths indicated by the sub� 
script. The 6.25 is a correction factor to allow for the difference i n  
path length between our spectrophotometer cell and that used by Strickland 
and Parsons. 
Table 2. Water chemistry analysis methods used * 
Test Method Minimum detectable 
Conc entrations (ppm) 
Nitrate-Nitrogen PhenoldisUlf onic Acid • 01 
Ammonia-Nitrogen Direct Nesslerizatiori · .02 
Organic-Nitrogen Kjeldahl . 4  
Ortho-Fhos:phate Stannous Chloride** .01 
Total Phosphate Acid Hydrolysis** .01 
* Methods are from Standard Methods of Water and Wastewat er Examination­
lJth Ed. (except where noted) 
** 12th Ed. 
274283 
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Samples for cell counts were taken and preserved. in Lugol's 
Solution (Prescott, 1970). Preserved cell count samples were concen­
trated in � plankton centrifuge. One ml of this was placed on a Sed.wi�k­
Rafter slide and allowed to settle. Fields were randomly counted until 
100 of the ·most numerous species were recorded (Lund et al., 1958). 
A filament of Aphanizomenon holsatica or a colony of Anacysti s  cyanea. 
the two dominant species, were counted as one unit. The cells in ten 
randomly selected filaments or colonies were then counted to �stimate 
average filament or colony size, and these were usei to determine fi�l 
counts as cells per ml. 
Radiation values were obtained from the National Weather Service 
at Brookings, South Dakota. This station is located approximately 20 
miles from Lake Hendricks and 35 miles from Lake Cochrane. There are 
no major land obstructions between the lakes and the station. Values 
are in langleys (gram calories per square centimeter). 
Production measurement£ and enrichment e;cperiments were statisti­
cally analyzed at the .05 protection level. Duncan's new multiple range 
test was used to determine significant differences for unrelated data 
(Steel and Torrie, 1960). Bottles with different nutrients injected, 
within a basket, were considered un:celated. Each basket was considered 
separately because each had been filled from a ·different cast of water. 
Production differences between dates were considered to be related. 
Tukey's w-procedure (honestly significant differences) of multiple 
comparisons was applied (Steel and Torrie, 1960). Tukey's is an experi­
ment-wide procedure and is therefore a very conservative test (Carmer 
and Swanson, 1971). As a result, some differences.not proven signifi­
cant by this test may still be implied (Tucker, personal communication). 
A linear correlation and a multiple regression (Little, 1966) were run 
on some of the environmental data, using production as the dependent 
variable. 
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R esults are discussed in two sections . Primary productivity 
measurements are first given for each lake .  Nutrient enrichment st�dy 
results are then discussed . 
A • . Primary Productivity Measurements 
1. Lake C ochrane 
Table 3 gives production measurements by date in d ecr·easing 
numerical . order . Values for 1970 ranged from a low of 20 . 0 mg C 
fixed/�2/hr on July 8 to a high of 114. 0 on July 1 .  Values for 1971 
were typically higher with a low value of 59. 17 mg C fixed/m2/hr re-
corded on July 1 and a high value of 296 . 67 recorded on August 5 .  
,. 
�tatistical significanc e is shown below the values . Any means under-
scored by the same line are not significantly different . I n  1970 the 
values for August 25 and July 8 differed. significantly from the other 
dat es .  I n  1971 the seven highest dates did not diff er from each other . 
The value for July 8 differs statistically from the two high est values , 
Production on July 1 differed from the three highest values . 
Figure 1 shows gross production graphically for each date in 
1971. S ecchi disc readings are shown by hori zontal dashed lines . The 
first nair of bottles were placed at 0. 5 m rather than at the surfac e . � . 
Previous studies had shown that bottles ?lac ed at the surfac e sometime� 
give erratic : results . Edmondson ( 1956) suggest ed th�t there may be 
inhibition of production by light in the light bottles . Strickland (1960) 
noted greater heating of �he dark bottles resulting in increased. 
TABLE 3 : PRODUCTION SHOWING STATI STICAL DIFFERENCES BY DATE IN LAKE COCHRANE 
( expressed as mgC/m2 /hr ) 
Date 
(1970) 
July 1 Aug 5 Aug 12 July 1 5  Aug 2 5  July 8 
, _rr��u�.t ion j 114 . 0  90 . 0 . 84 . 0  7 8 . 5  
\ i 
24 . 0  2 0 . 0  
l S t at ist ical l 
i S j  gnif icance i 
t \ 
1 l .. J Dat e  } Aug 5 
I ( 1971 ) . I l Product ion i 
1 .-.-· ··· ------1 
I ' 
i ��at �s�ical l 1 '.. J.gn 1f1cance I 
2 9 6 . 67 
June 23 
23 5 . 0 0  
Aug 1 0  S e p t  2 
204 . 17 201 . 67 
Aug 24 June 1 5  Aug 17 July 8 July 1 
164 . 17 1 3 6 . 67 123 . 34 7 6 . 67 . 5 9 . 17 
___________________....,_........""......_.... ._...__......... • • .,..._, .,..,._...,.... _ ...... ..,.. 4.�· -
--�--------------------------------.... ------------------- ------- ............. -----------
..,_, � 
PRODU CTION ( m g  C/£/hr:)  
0 .10 0 .10 .20 0 JO . .20 . SCF ----, I 
0.5 � 
1.0 
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(/) 2-0 a.----.J 
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hi . 1  -t � o.5 ·v 1 1- s 
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t 
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Figure 1 .  Primary production by depth in  Lak e  Cochrane in  1971 
( in mg C/l/hr) . . . . 
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respiration .  D�shed lines are drawn from the 0. 5 m reading to  the surfac e 
line on the graph . This assumed added area was included when computing 
. 2 prod.uction/m • The low values on July 1 and July 8 are especially 
obvious in figure 1 .  Production curve data is available for only one 
date , July 1, 1970. Figure 2 shows curves for Lake C ochrane and two 
nearby lakes , Oak and Fish, on that date.  Producti on d eclined much l ess 
rapidly with depth in Lake C ochrane . The curves from Oak Lake and Fish 
Lake are probably more typical of the lakes of this region . Figures 1 
and 2 show producti on more clearly than a single number might and also 
show how a " bloom" may actually lower total production per sq_uare meter 
of lake surfac e  by extinquishing light more rapidly . 
r 2 .  � Hendricks 
Table 4 shows the result of production measurements taken in 
Lake Hendricks in 1971 . Production ranged from a low of 2 5 .,  00 mg C 
fixed/m2/hr on Sept ember 2 to a high of 194. 17 on August 10 . Production 
appeared to decreas e through the study period . August 10 ,  the dat e with 
the highest production , and S eptember 2 ,  the date with the lowest pro­
duction , differ from the middle two dates and from each other statisti­
cally . There was typically higher production at the • 5 m depth i n  Lake 
Hendricks than in Lake C ochrane . Total production was less because 
producti on dropped off rapidly . with depth . Values may . have been higher 
had a surfac e bottle been �sed . Figure 3 illustrates this data graphi­
cally .  Th ese curves are similar in appearance to thos e fo
r Oak Lake 
and Fish Lake . 
SCF 
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J .5 
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a: 
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. 
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S CF ,----------�--�-
0.5 
" 1.0 
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Figure 2 .  Primary production by depth in  Lake Cochrane and two nearby· 
lakes in 1970 ( in mg C/l/hr) . 
.. ' 
TABLE 4 :  PRODUCTION SHOWI NG STATISTICAL D IFFERENCES 
Date 
· Product ion 
Stat ist ical 
Signif icance 
BY DATE IN LAKE HENDRICKS 1 97 1  ( expre s s ed mgC/m2 /hr )  
Augu st 10 August 17 August 24 September 2 
194
·
�
�
17 115 . 8 3 113 . 3 3 � 5 . 00 
N 
...,, 
t 
PRO DU C TION (m g C/R/hr )  · 
. .  SCFO -
_
.1 0  _ _:_2E, 0 . .1 0 .2 0 
.S E.C CH L  l �---- 1  
0.5 r---------1 
-
:c 
l­o.. 
1 .0 
1 . 5  
SCF.O _ _  J O  1 .2 0 . 
0.5 
- - - - - I 
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Figure 3 . Primary production by depth in Lake Hendricks in 1971 
( in mg C/l/hr ) "  
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B. · Nutrient Enrichment Experiments 
1 .  Short Dura t i  on Experiments 
a. Lake Cochrane 
Figure 4 and 5 illustrate graphically the results of the 6 hour 
nutrient enrichment experiments done in Lake Cochrane in 1971 . Each of 
the two racks of bottles is illustrated separately on each of the eight 
dates because the two racks were d.rawri from separate Van Dorn bottle 
casts . The effect of the nutrient addition can be compared with the ' 
control which was a light bottle with no nutri ent added. Production , 
expressed as mg C fixed/I/hr, was found by subtracting the control dark 
bottl.e values .  A soil solution was added t o  a separate set of dark 
23 
bottles in rack 2.  These values were also found by subtracting the con­
trol dark bottles . Statistical differences are denoted by lines under 
each of the bar graphs .  No significant differences were detected. on any 
date in rack 1 .  There was significant inhibition by the addition of all 
nutrients in rack 2 on the first date,  June 23. No significant differences . 
were detected on the next two dates , July 1 _and 8, · in rack 2 .  In this 
rack on August 5, the value for the soil (dark bottle)  differs from each 
of the other values except !1nS04• The soil (dark bott·le)  value differed 
from all others on August 10 , August 24, and September 2 .  On August 17 
it differs from only the light bottle (control) . The light bottle 
(control) did not differ from any of the nutrient enrichment values on 
any of the individual dates .  In mean values for all dates the control 
was significantly higher than the soil , MnS04, and soil ( dark bottle) . 
� 
::> 
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� 
4 JI . . 
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Figure 4 .  Results of short duratio
n nutrient enrichment experiments in 
take Cochrane from June 23 
to August 5 ,  1971 ( in mg C/l/nr) . 
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Figure 5. Results of short duration nutr
ient enrichment experiments in 
Lake Cochrane from August 10 to
 September 2, 1971 ( in mg C/l/hr) .  
values . I n  summary , :production in Lake Cochrane was not stimulated by 
six-hour nutri ent enrichment experiment s on any of the eight dat es t ested 
in 1971 . 
Figur e  6 shows the results of nutri ent enrichment stud i es done on 
five dat es in 197 0 .  Only one pair of light bottle c ontrols was u s ed  for 
all comparisons . NH40l was not us ed in 1971 but was used on three of the 
dat e� in 197 0 .  There was significant �timulation of production by adding 
CaNo
3 
on July 8 and by adding MnS04 on August 25 .  There was n o  statisti­
cal differenc e between any of the c ombined mean values from all dates . 
b .  Lake Hendricks 
Short durati on nutri ent enrichment experiments were run on fo ur 
dates i n  1971 in Lake Hendricks . The results are shown in Figure 7 .  
I n  addition t o  th e expected significantly lower values i n  the soil dark 
bottle , the following enrichment effects were noted :  August 10 , soil 
light bottle significantly lower ; August 17 , K2
HPr4 signific
antly lower , 
MnSo4 significantly higher . Production was much lower and no significant 
differenc es between any bottles were detected. on S eptember 2 .  The mean 
value for all dat es shows the two conc entrations of K2HP
o4 differing 
significantly from each other in rack 1 and the soil (dark bottle ) 
value differing from all other values in rack 2 .  
2 . Long Duration Experiments 
The results of the long duration nutrient enrichment exp
eriments 
are shown in Figure 8.  These experiments were run only in 1971 and the 
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Figure 6 ,  Results of short duration nutrient
 enrichment experiments in 
Lake Cochrane in 1970 ( in mg 
C/l/nr) . 
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Figure 8 .  R esults of long duration nutri ent enrichment experiment s  i n  
1971. 
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results from both lakes are included . in this figur e .  T h e  log of the 
total c ell counts and the chl orophyll "a" values are shown on the left 
axis . Only chlorophyll " a" was measured in the August 3- 5 experiment i n  
Lake Cochrane . Initial bottle values , as well as light bottle c ontrols , 
are included. . Not enough data was available to run a stat i stical 
analysis of the results . Total cell numbers decreas ed during the incu­
bati on period with only one exception. There was an i ncreas e in numbers 
in the C aN03 bottle in Lake C ochrane during th e August 24-26 incubatlon 
period , Chlorophyll " a" values showed little or no increase on the first 
three experiment s  in Lake Cochrane . The bottle with Na2Si02 added showed . 
the greatest increase during the August 24-26 period , but all oth er 
bottles showed some increas e .  In Lake Hendricks there was a decrease 
i!l chlorophyll " a" c onc �ntrations during the August 24-26 period but 
increases on the other two dates . Number of c ells always decrea.seci. 
during the incubation period . The environment in the bottles s e emed t o  
eliminate what diversity was there initially . Diatoms often appear in 
increas ed numbers in long t erm cultures (Jorgenson , 1956 ) , but none 
appeared to any great extent in this study. The · perc entage of Anacystis 
in C ochrane or Aphani zome:ien in H endricks in the populati on always i n­
creased , suggesting either inhibiti on of other speci es by the dominant 
bluegreen , or differential ability to survive under enclosed. c ondit i ons . 
Lund and Talling ( 1957 ) revi ew the effects of residual chlorophyll and 
the probl ems encountered in getting accurate det ermi:iations where large 
amounts of dead c ell material may be present , R0sidual chlorophyll 
may ac count for the i ncreases L� chlorophyll " a" on dat es whe:r1 c ell 
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numbers d ecreas ed . C ell counts might be a more accurate indicator of 
changes in algal abundanc e than chlorophyll "a" readings i n  studi es with 
a longer incuba. ti on period. I t  is also possible that tho·s e  c ells which 
did survive were able to utilize the available raw materials and increase 
their chlorophyll " a" c onc entration . In summary , we were unable to 
conclude that any changes in algal abundanc e were s·timulat ed by this 
method . 
IV . DISCUSSION 
Much work has been done in attempt ing to correlate changes i n  
phytoplankton production and abundance with changes in the ecosyst em . 
Hutchinson ( 1944) sumw-ariz ed the possible controlling factors suggested 
prior to that dat e .  They i ncluded light , temperature ,  nitrogen , 
phosphorus , and silicon.  He also discussed the chemical hypothes es of 
Pearsall (1932)  which included the following controlling fac tors : 
(d ) 
inorganic nu-cri ents other than N ,  P or S i  
specific organic substanc es 
the phys iological condition of the plankton organis!;1s 
at different stages of their cycles of growth 
competitive relations between different species of 
phytoplankton.  
Hutchinson c oncludes hi s art icle in part by suggesting that in small 
eutrophic lakes all inorganic nutrient substances , exce.Pt phosphorus a:r.ld 
nitrogen , are normally pres ent in great exc ess . It is of int erest to 
note that in a booklet published 26 years later (Control of Eutrophi-
cation , 1970 ) we find this statement : "The controversy of the respective 
roles of phosphorus , nitrogen, and carbon as critical elements in 
limiting the eutrophication process has rec ently -been renewed . "  The 
booklet lists th e maj or factors a.ff ect ing algal producti on as plant 
nutri ents , water temperature , availability of light , and turbulent 
transport of nutri ents in the water . Growth limiting supplies of 
phosphorus , nitrogen , and sili con have been demonstrated in many lakes ; 
similar growth limitation ·has been reported less frequently for nutri ents 
such as iron , mol yooenum , manganes e ,  carbon and other elements . Perhaps 
the best sum:nary· of the work done tc date .cun be .. found in t he Proc eedinP"s 
of the Sym:gosium on Nutri ents and Eutrophicati on : the Limi ting-Nut:ci ent 
C ontroversy ( 1972 ) . It is evident from this title that Hutchinson ' s  
suggested hypothes es have not yet been resolved . 
A. � ,Cochrane 
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A c orrelati on . matrix was run to d et ermine the relative effects of 
some of the environmental factors whiqh might be influenc ing product ion. 
The da�a used ar e given in Tabl es 5 and 6. The following results were 
obtained. using the c ombined data from both sununers . S ec chi dis c readings 
had the highest c orrelation with observed vari ations in produc t ion 
measurements . The linear c orrelation value was - . 657 and s ignificant 
at the . 05 l evel . This is a negative valu e and suggests that the lower 
the vis i bility ; the higher th e production . The c orrelation between S ecchl 
disc reading and c ells was negative ( - . 875) and significant . There was 
a.lso signific ant negative c orrelati on ( - . 873) between the chlorophyll 
" a" and s .ecchi disc reading . A positive s ignifi cant correlation ( . 716 ) 
between cells and chlor ophyll " a" was found . This data suggests that 
lower S ecchi di.SC readings (low er vi sibility) might be the result of in­
creased c ell numbers. W e  cannot , however , s eparat e other caus es of 
turbidity from c ell numbers . Available light also influ enc es S ec chi disc 
visibility and should be c onsidered . The c orrelation value of l ight 
versus producti on is low ( . 111 ) , not significant , and that of light 
versus the Secchi disc is also low ( . 047 )  and no t significant . A s  
expect ed , there is significant positive c orrelat ion between production 
and chlorophyll " a" ( . 570)  and :producti on and c ells ( . 628 ) . The changes 
TABU: 5 :  :.: D:·:F .:.:i. r so:: o: Pi.O:JUC'IO:; :·iEASU RDE: :rs A::J s� r..;;cn::! 
�;J�TU ?A!.. ?t: ?_��·:ETERS rn LP.KL COCHRA�:E su: ::·!E!t 1 9 7 0  
Hc:.y 1 9  4 51 
Jun e  16 504 
June 24 613 
July l : 114 . 0  5 3 0  
July a 20 . 0  &8 8 .. 
uly 15 7 0 . 0  6 3 6  
July 2 2  421 
July 29 409 
August 5 90 . 0  41 2 
August 12 84 . 0  511 
August 19. 464 
August 25 24 . 0  509 
474 
15 . 0  
23 . 5 2 .  50 I 
21 . 0  2 . s o l 
; l 
24 . 5  2 . 4 0  j ! 2 3 . 0  2 . 00 j 
24 . 5  1 . 5 0 I 
2 3 . 0  l l . 5 0 i 
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27 . o  � 1 .  7 5  \ 
1 I 24 . 0  ! 1 . 7 0  ' 
9 , 0 6 2  
2 , 2 29 
7 9 , 0 29 
7 , 84 3  
3 . 67 
l . 0 6  
4 . 5 2  
6 . 00 
7 . 24 
7 . 06 
1 2 . 8 0 
1 0 . 8 0 
1 2 . 8 9 
16 . 3 3 
. 0 0 6  . •  0 3 0  
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TABLE 6 :  
May 18 
June 8 
June 15 
June 23 
July 1 
July 8 
July 15 
July 22 
July 29 
August 5 
August 10 
August 1 2  
August 17 
August 1 9 
August 24 
August 26 
September 2 
September 9 
October 14 
November 2 
COMPARI SON OF PRODUCTION MEASUREMENTS AND SELECTED 
NATURAL PARAMETERS IN LA KE  COCHRANE - 1971 
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in these paramet ers with date are illustrat ed in Figure 9,  The graphs 
compare the results from 1970 and 1971 . C onnecting t h e  point s  for 
light values should not imply trends , because only a broad s easonal 
trend is to be expec t ed  and day to day variations are great . The higher 
1971 algal abundanc e ,  as measured. by c ell counts and chlorophyll "a" 
readings , i s  obvious in thi s  f igure . The presumabiy r esultant high er 
producti on and lower S ecchi disc readings in 1971 are als o  shown . 
Figure 10 i s  a c ompari son of product.ion measurements with natural 
levels of 
.
ortho-phosphat e and the results of the nutrient enrichment 
studi es . Ortho-phosphat e levels were higher in the spring and ea�ly 
summer of 1971 than at any time during 1970. Ortho-phosphat e was found 
to have the high est c orrelat ion with production i n  a c orrelati on matrix 
run on 1971 data a.lone . 'This value was -· , 697 and significant at the • 05 
level . An examinati on of the ortho-phc sphat e vs . producti on graph in 
Figure 10 s hows why thi s  correlation i s  negative . The p eriod of lowes t 
producti on in 1:3.t e  June and early July is al. so the period of highest . 
ortho-phosphat e l evel s . During the high production peri od whic h  followed , 
ortho-phosphat e dropped below det ectable levels and remained ther e  through­
out S eptember . Thi s would suggest that the increase in plankton popula­
t i. on may be correlated with the decline of ortho-phosphat e  :probably be­
caus e the high algal populati on effectively removes all_ 
measurable Po4 
from the wat er . G erloff and Skoog ( 1954) found that A nacystis .9..Y.9:™ 
was able to absc.rb suff i c i ent phosphorus and nitrogen from 
an environment 
containing r elatively high c onc entra.ti ons of these elements and cont inua 
t.o grow later on when they were defic j_ ent . The storage ef:fect was more 
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.. D .. 11.A.HdOHOlH:J (A\10/�A31�NV1) .L H � n  
·- Figure 9 . C omparisons of production measurements with c ell counts , chloro­
phyll " a." , light , and Secchi disc readings in Lake Cochrane in 
1970 and 1971 . 
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Figure 10. C omparison of production measurements with natural l evels of 
ortho-phosphat e ,  N : P  ratios , and results of nutri ent enrich-
ment s tudi es in Lake Cochrane in 1970 and 1971. 
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pronounced. for P than for N. This is a possible explanation for the high 
population and high production in late July and August when ortho­
phosphate was not detectable in the water. 
Phosphate inhibiti on has also been suggested as a factor control­
ling production . This possibility could account for the period of low 
producti on and high phosphate not ed previously in Figure 10 . Goldman 
(1972) found that production in an oltgotrophic lake was strongly inhibited 
by 100 ppb phosphorus . At this level he found no stimulating effects on 
plankton by the additi on of nitrogen , calcium, sulfur , or a trace element 
mixture . There is another possible explanation for this part of the graph . 
A population whose production is low or declining for some other reason 
than nutri ent limitati on will be utili zing less of the available nutrient , 
so a higher level will oe detectable in the wa�er. Goldman (1972 )  
found that i n  Lake Tahoe the utilization of phosphorus i s  currently de­
pendent upon the availability of additional nitrogen . Figure 11 compares 
production measurements with nitrate-nitrogen levels and the results _ 
of nutrient enrichment studies . The nitrate-nitrogen levels in Lake 
Cochrane (Figure 11) were declining just prior to this period and re­
mained low until mid-August when it and production began t o  climb. 
Levels were generally higher in 1971 than in 1970,  particularly in the 
spring of 1971 which is not shown on the graph . Hutchinson (195? ) 
describes in detail the nitrogen cycle in lakes . The data from Lake 
Cochrane is in agreement with his suggested. seasonal fluctuations . 
Levels reach a maximum in the spring , decline , and remain relatively 
low during the summer months , probably due to nitrat e ass imilation by 
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Figure 11. C omparison of production meastirements with natural levels or 
nitrat e-nitrogen , N : P ratios , and result s of nutrient 
enrichment studies in Lake C ochrane in 1970 and 1971 . 
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increased numbers of phytoplankton. A graph of nitrate-nitrogen to 
ortho-phosphate phosphorus ratios is also shown in Figures 10 and 11 . 
Sawyer ( 1966 ) and others have suggested that nitrogen to phosphorus 
ratios may influence biological productivity. This ratio is based on the 
premise that nutrients should be abstracted from the water in the same 
ratio in which tl'�ey occur in th.e living organism. This ratio in plankton 
varies from about 6 : 1  (atoms nitrogen
_
to atoms phosphorus ) to about 25: 1 , 
with an average ratio for gross plankton considered to be about 15 : 1 . 
This ratio is ? . 2 : 1  by weight. On this basis , waters which have N :P  ratios 
greater than 7 . 2 : 1  by weight should be phosphorus limited. Those with 
ratios less than 7 . 2 : 1  should be nitrogen limited . This would suggest 
nitrogen limitation during 1970 and during that period of low production 
in 1971 which was discuss ed previously in connection with high phosphate 
levels . It would , however , be an oversimplification to compare ratios 
with production on a date to date b:tsis when the previously discussed 
findings of Gerloff and Skoog ( 1954) on nutrient storage are conside�ed. . 
Odum ( 1971) states that one of the greatest diffi.culties in 
determining the production of an ecosystem is determining whether or not 
the system is in dynamic equilibrium or in a " steady state. " I n  a 
" steady state" the rate of production is in equilibrium with the supply 
of the minimum liiniting constituent and Liebig ' s  law of the minimum is 
applying . While the rate is changing , however, there is no " steady state" 
and no minimum constituent . The reaction, production in this case , de­
pends on the concentration of all constituents present . The rate of 
producti on would change rapidly as various constituents were used until 
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some constituent becomes li mi ting and production i s  again c ontrol l ed  by 
the law of the minimum . Odum ( 1971) concludes by sayi ng that product ion 
syst ems may pass from one temporary " steady stat e" . t o  another because of 
changes imposed on the system from the outside . There i s  evid enc e that 
Li ebig h imself r ec ogni zed that his law c ould not be too rigidly appli ed 
and that a singl e effect could result from s everal caus es , (G oldman , 1972 ) .  
It thus becomes nec essary to examine product i.on not on the basi s  of a 
singl e nutri ent or c onditi on , but as the result of multiple limiti ng  
effects . 
A multiple reg.cession wa.s run on the combined data from both 
summers to d etermine the rela.ti ve effec ts of sor.ie of the environmental 
factor� which might be influenc ing :production . R esults showed that the 
major factor was the c ombined eff ect of th e S ecchi d i sc rE:adings , nit.cat e­
nitrogen , and orth o-phosphat e .  I t  influenc ed the obs erved variat i on in 
producti on 60. 2% of the time , significant at the • 05 level . The other 
seven factors , i ncluding total phosphate ,  organic nitrogen ,  specifi c  
conductanc e ,  and thos e list ed i n  Tabl es 5 and 6 account ed f or only an 
additi onal 17 . 3'%  of the observed variati on and were no t statistically 
significant , A mult tpl e  regression was then run on the 1971 data only .  
S ecchi disc readi ngs were not includ ed i n  this regressi on . I t  was found 
that ortho-phosphate and nitrat e-nitrogen were the major factors i n­
fluenc ing the obs erved variati on in production , accounting for 55. 1% of 
the change . The s e  result s suggest that either nitrate-nitrogen , ortho­
phosphat e ,  or a c ombinati on of both . was influenc ing- product i o n . Lack of 
significant stimulat i on or i nhibition by either of the n itrate or phosphate 
enri chment exp eriments imply produc ti on was not ba.sed on simpl e immediat e 
uptake of these inorganic nutrients . The problem of combined effects 
has been studied ,  and it is not yet known how best to ha.ndle in a 
quantitative manner cases in which two or more nutri ents may be 
simultaneously limiting (Goldman; 1972) . 
B .  Lake Hendricks 
Production and nutri ent enrichment studies were done on four dates 
in Lake Hendricks in 1971 . The production measurements and select ed · 
environmental data are given in Table 7 .  This information is illustrated 
on ·graphs in Figures 12 and 13 . Not enough data was available for 
statistical analysis of production measurements . 
Ortho-phosphate levels are higher than in Lake Cochrane . They are 
well above the suggested
.
!imiting level ( . 015m €/l at the time of spring 
overturn) given by Sawyer (1966 ) . Levels reached a low on August 5 and 
rose steadily through the production study period . Nitrat e-nitrogen 
levels are also much higher than in Lake Cochrane.  Sawyer ( 1966) 
suggests . 30mg/l at the time of spring overturn as the limiting level . 
Values in Lake Hendricks were below this level in the spring but reached 
, 33 on July 1). There was also a decrease in c ell numbers noted on that 
date.  The N : P  ratios never exceeded 7 � 2 : 1  and , on the basis of that 
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ratio alone , nitrogen limitation would be implied.  The curves for nitrate­
n!trogen and production parallel each other through the study period .  
Ammonia was first detected on August 19 . Keeney (1972) and others list 
it as an available form of nitrogen £or most phytoplankton. It is the 
preferred form for many . The possible sources of ammonia are organic 
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TABLZ: 1 :  CO!-�PARISOH OF PRODUCT I ON HEASUREME:iTS AND SELECTED 
��ATURAL PARA'·!EEF.S W LAKE HE?;J?..ICKS - 197 1 
June 8 304 . 8  19 . 0 . 28 31 , 3 98 2 5 . 4 0 . 27 1  
June 1 5  629 . 0 26 . 0 . 98 8 , 9'7 5 . 18 3 
June 23 646 . 2 2 5 . 0  . 47 3 5 , 5 8 3  2 6 . 04 . 4 9 6  
July l 6 5 5 . 0 I 2 2 . 5  . 6 2  190 , 9 26 2 6 . 81 , . 5 8 6  
July· 8 564 . S 23 . 0  . 48 1199 , 0 5 2  4 2 . 5 2 j . 5 0 2  
July lS 620 . 4 �3 . 0  l . 3 8  6 6 , 02 8  3 0 . 3 3 r 97 2 
July 22 526 .4 23 . 0  , . 5 6 � 21 . 60 • 691 
.. 
1; 40 ' 8 3 3  1; 3  • 37 ,. 6 9 2  Jcly 2 9  444 . 2  2 2 . 0  . 3 5 
Aug.ist 5 619 . 8  1 9 . 5  . 3 5  "-J f 18 . 27 f 431 
August 10 194 . 17 518 . 2  21 . 0  . 3 0  1 88 , 612 6 5 . 46 f 61;3 
Au�st 17 · 115 . 8 3 1 5 3 6 . l
. 
. 30 
August 19 548 . 3  1 23 . S t694 , 7 5 2  1 2 6 .T7 0  J4ugust 24 113 . 3 3 5 5 5 . 8  f . 31 l 1490 . 9 August 2 6  1 22 . 0 I 47 . 0 9 6  147 . 48 L 7 5 2  1 2 2 . 0  I SeptetW':>er 2 25 . 0 0 r8 8 . 2  . 2 2 t 46 , 7 0 5  21 . 94 � 9 3 6  
Sept ember 9 310 . 7  17 . 0  . 23 ! 2 4 , 044 2 2 . 10 . 8 91 
October 14 361 . 1 ll . O  . 40 61 . 12 . 66 1 
t 
44 
I .16 I I t . 01 l ! . O S l I ' I . O.l I l . 28 i :. . 33 I I . c o l I . 18 i . o o i i . oo . co I I . 04 . oo . J I I . 17 . oo i 1 . oa > i I l . 12 l I ! 
I i l . i 
I . os . O S � i , . 13 , i i . 04 } t . J � 0 9  . 0 2 I I 
I f 1 . 2 6 . 04 i � i I I 
• 
-- PRODUCTION 
--- - - CELL cou:\jTS 
----- - - - CHLOROPH'l'LL 11 a" Cf) 6.0 ' . 200 ... 
z 
::> 
0 5.5 =0150 ; ...... , 
= / \ 
� J / \ 
iii 5.0 �100 //--f\-+-- \ 
� - � , \ / ' '  l :r.: .,,,,, I ' , '\_ a. , • , . 
lL O I '/ \ '  
0 4.5 o.: 50 I \ . 
<!> 19 I .-' \ g 5 ---.... __,,. /' 
- 40  o J A 
>- � 
-- PRODUCTION 
_ _ _ _  LIG HT 
_ _ _ _ _ _ _ _  SECCH I DISC ,...7001 2.0 
� § ,600' (.) 1 .5 '" /\ � � ' I \ 
llJ o \_ I \ .... ... --
s 
. <:5500 :: 1.0 , I '\ 
Z · O · , I  \ � u · � \ j:400lfJ 0.5 , . .. - - �---•• _ _ __ \ 
. x 
- -------�- .. .. , I (!) _ _ _ _  \ .. - \ ...1300 o J · A · S • 
200 ... .t::. 
;--.. 
1 50 
.@ 
(.) 
Ct e 
100 z Q. I-
0 
50 � c 
0 
a:: 
0 a. 
200 l: � � 
1 5 0 � E 
1 0 0 a 
i= 
. (.) 
:::> 
5 0 0 0 
0:: a. 
0 
· Figure 12. C omparison of production measurements wi. th cell counts , 
chlorophyll "a" , light , and S ecchi disc readings in Lake 
Hendricks in 1971 . 
45 . 
_J 0 
z z � tf() I 7 
0 £0 
_ z z u , . I -----
-- ........ -- .,, I t ----
i : r-
-
o� 
a. --1-0 (.) ::i: :::> I- 0 
0::: 0 
o &:  
_J 
0 
a: fl) [<{ ,_
o I . z z O o · 
(.) . (.) 
I -:,, 
I 
I 
f 
0 0 0 
<'11.11¥/0 0 w 
0 0 0 N -
Jq/1/'JDW 
0 
0 
46 
Figure l J . C omparison of product i on measurements with ortho-phosphate ,  
nitrate-nitrogen and results of nutrient enrichment studi es 
in Lake Hendricks in 1971.  
decay, animal excretion, the bottom sediments which may be brought into 
circulation and contributions from runoff . In this study , ammonia was 
first detected at a time when c ell counts were highest . Temperatures 
were also increasing during this period .  
4? 
The low production on S eptember 2 is of interest because production 
in Lak e C ochrane was .relatively high and had been increasing through the . 
latter part of August . Cell numbers in Lake Hendricks dropped considerably 
between August 26 and September 2 (Table ?) , which may acc ount for the . . 
lower production .  There was high rainfall (2 . 10 inches ) during the two . 
days prior to the production measurement . This may have had a diluting 
effect , lowering the count . C ell numbers do not account for the oth er 
observed changes in production . August 10 had higher producti on but lower 
c ell c ounts than August 17 or 24. Production was not stimulated or 
inhibit ed by either of the nitrate or phosphate experiments . This suggests 
that production in Lake Hendricks was not altered by simple uptake of 
these inorganic nutri ents . 
Hutchinson (1944) states that apart from c�mblned nitrogen,  
phosphorus , and silica , there is littl e  likelihood of other nutrients 
limiting phytoplankton in small , moderately hard-water productive lakes . 
Others have reached the same conclusion . Hutchinson ( 1967 ) summarized 
this in suggesting that in more productive lakes , the t�o elements 
nitrogen and phosphorus , tend to play comparable roles in determining th e 
quantity of phytoplankton . He goes on to explain that blue-green algae 
can take up inorganic nutrients at low levels and can grow rapidly at 
higher t emperatures ,  out-competing oth er fcrms . This , along with their 
ability to store these nutrients ,  causes blooms at times when thes e 
levels are at their lowest . The results from this study appear to be 
in general agreement with these findings and suggest . that productivity in 
northern prairie lakes may follow patterns previously d et ermined in 
other eutrophic lakes . 
1 .  
V .  CONCLUSIONS AND RECO��IENDATIONS 
Primary producti on was relatively high in both lakes .  
--
- --- -- -
Total pro-
duct ion was lower in Lake H endricks , probably becaus e the �uphotic 
zone was reduc ed by blooms a� �urbidity . 
2. A meth od other than the Secchi disc should be used in Lake Cochrane 
to det ermine the euphotic zone and placement of bottles . Availabl e 
light for photosynthes is was not extinguished at · the depth indicated 
by the Secchi disc reading . Coloni es of Anacystis appear to be highly 
reflective , and thi s  reflection may have made light available to 
lower depths than was indicated by the S ecchi disc . 
J.  Producti on was not generally stimulat ed by the enrichment methods 
used .  The addition of nutri ents Qn certain dates caus ed inhibition . 
( -- -- - . - - - -
4. The methods used in the nutri ent e�ichment stud i es should be care-
fully re-examin�d . A more involved study using varying levels of 
each nutrient and mixture of nutrients should be done . Different 
incubation t imes should also be te sted . The s tudy should be started 
earli er i n  the s eason and run later to detect the great er nutri ent 
variations which occur in the lake during th ese times . 
5. A more detailed . study is needed in the c ompari son of phosphate and 
nitrate levels and the interacti on of th e two in infl�enc ing 
producti on . 
6 .  A ground water runoff study should be done t o  det ermine s ourc es and 
amounts of nutri ent inflow for each lake . Previ ous find i ngs have 
shown " blooms" of blue-green algae to be assoc iated with cropland 
erosion , agric�tural fertilizer and feedlot runoff , and the inflow 
of s ewage and other nutrient-rich contaminants . This information 
should be considered and recommendations made to control further 
inflow . The problem of sewage input into Lake Cochrane should 
- --- -- ---- ____ ___ .... -
especially be examined and controls suggested . 
<7 . ··The study should be continued because patterns which can only be 
suggested in two years could be moxe definitely shown . There would 
then be an opportunity to see if variables continue to respond in 
the same way . 
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